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Abstract 

 
The United States Department of Energy nuclear weapons complex has undergone substantial 

consolidation in the decades since the Cold War.  The extent of this consolidation is best 

illustrated through the inter-related impacts on the nuclear infrastructure, stockpile, and critical 

skills of the weapons workforce.  This paper reviews impacts in each of these areas and their 

implications on the weapons complex as a whole.  With regard to future consolidation efforts, 

the National Nuclear Security Administration uses a variety of mathematical tools to quantify the 

potential effects of future stockpile decisions.  This paper discusses several examples of such 

tools and how they have successfully been used to aid and inform policy decisions. 

 

 

 

 
Overview of Weapons Enterprise Consolidation 

The control of production, design, and testing of nuclear weapons in the United States is housed 

within the Department of Energy (DOE).  Formerly the Atomic Energy Commission, this 

civilian agency was intentionally established separately from the Department of Defense (DoD), 

which is tasked with deploying such weapons.  This dichotomy helps to ensure a balance of 

power among the entities responsible for the country’s most powerful weapons, in that their 

ultimate ownership lies outside the military that might be using them.   

 

Infrastructure  

 

 Within the Department of Energy, the National Nuclear Security Administration (NNSA) 

manages the day-to-day operations of the country’s nuclear production, design, and testing labs.  

At the height of the Cold War, there were sixteen such sites located around the country (Figure 

1a); as of 2012, only nine sites remain within the NNSA complex (Figure 1b), a downsizing rate 

of more than forty percent.  Of the seven sites that have left the complex, one is now a DOE lab 

engaged in non-weapons activities (Idaho), one is commercially managed (Pinellas), and the 

other five have closed and are undergoing environmental remediation and cleanup activities.  
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Figure 1.  Department of Energy nuclear weapons complex sites in 1980 (a) and 2012 (b). 

 
Of the existing nine sites, there are three nuclear design and engineering labs (Lawrence 

Livermore, Los Alamos, and Sandia), four production sites (Pantex, Kansas City, Y-12, and 

Savannah River), and two testing sites (Nevada Test Site and Tonopah Testing Range, which is 

managed by Sandia).  The square footage of these sites is additionally undergoing consolidation: 

NNSA is currently implementing a plan to eliminate nearly a third of the current complex 

footprint, from 35 million to 26 million square feet.
2
  Since 2002, the Y-12 plant alone has 

eliminated approximately 1.3 million square feet.
3
   

 The goal of NNSA’s current infrastructure funding is to modernize and revitalize certain 

key facilities, while sustaining capabilities at many others, to ensure the complex retains 

sufficient capacity to meet its primary mission functions.
4
  Deferred maintenance is a key issue 

in sustainment, and NNSA is currently working to eliminate $900 million of legacy deferred 

maintenance in its existing facilities.
5
  As the total complex real property is valued at roughly 

$40 billion, this represents a significant portion of the whole.
6
 

 

Stockpile 

 

Recently declassified stockpile numbers illustrate the extent to which the US nuclear 

stockpile has shrunk since the height of the Cold War (Figure 2): as of September 2009 the 

stockpile had declined nearly 84 percent from its maximum at the end of 1967, and over 75 

percent since the fall of the Berlin Wall in 1989.
7
  In addition, the number of non-strategic 
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weapons has fallen by approximately 90 percent in the last two decades
8
.  This extraordinary 

consolidation is consistent with arms control limitations specified by the START and SORT 

treaties and reflects the evolving role of nuclear weapons in US foreign policy.  

 

 
Figure 2.  United States nuclear weapons stockpile (active and inactive weapons), 1945-2009.

9
 

 
Concurrent with the decline of the stockpile itself has been a great increase in the number 

of nuclear weapons undergoing dismantlement: from fiscal years 1994-2009, over 8700 weapons 

were dismantled, with an additional several thousand awaiting dismantlement in coming years.
10

  

Numerous weapon systems have completed final dismantlement, including most recently the 

W62 ICBM (in 2010)
11

 and the massive B53 bomb (in 2011)
12

.  All weapons retired prior to 

2009 are currently scheduled to be dismantled no later than the end of fiscal year 2022.
13

 

NNSA’s current stockpile goals include performing annual surveillance to ensure the 

safety and effectiveness of the current stockpile; initiating life extension programs (LEPs) to 

address aging issues in current stockpile systems; reducing the number of warhead types by 

pursuing options for adaptable warheads that are deployable across different platforms; and 

completing all scheduled dismantlements in a timely manner.
14

  This supports the agency’s 

previously stated goals to maintain the smallest possible stockpile that is consistent with national 

security needs.
15
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Critical Skills 

 

 With the consolidation in the US nuclear weapons infrastructure and stockpile has come a 

corresponding decline in the size of the nuclear weapons workforce, and concerns about the 

retention of critical skills necessary to perform stockpile activities.   The DOE weapons complex 

workforce has shrunk over 60 percent in the last two decades, from 51,000 employees in 1992 to 

20,000 in 2007.
16

  Nearly every site in the NNSA complex has experienced layoffs or voluntary 

separation initiatives over the past decade. 

 The nuclear workforce itself is considerably older than the population of the US at large 

(Figure 3): as of 2007, more than 40 percent of DOE laboratory essential workers and 45 percent 

of weapons plant workers were over the age of 50.
17

  A large majority of the DOE weapons 

workforce will be eligible for retirement in the next ten years; this has not been offset by recent 

hiring trends, which suggests the workforce size will continue to decline.
18

  There is a real and 

valid concern that the specialized skills required in maintaining the country’s nuclear deterrent 

may be lost unless attention is devoted to their sustainment. 

 

 
Figure 3.  Demographics of DOE weapons plants and labs, compared to the national workforce.
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 A major challenge for NNSA is ensuring that a new generation of weapons designers, 

code developers, experimentalists, stewards, and engineers are capable of a fundamental 

understanding of nuclear weapons, in an environment in which computer-aided design has taken 

the place of hands-on testing.  Their goals for the future include introducing occasions for such 

critical skills to be exercised, through annual safety and security assessments and opportunities to 

develop and mature technologies with the potential for stockpile modernization.
20

  This includes 
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analyses of options for future lifetime extension program (LEP) activities, using a predictive 

capability framework capable of certifying the safety and security of weapons without testing.
21

 

 

Interdependency 

 

 The previous data have illustrated the extent to which the current DOE weapons complex 

has consolidated over the past decades, as well as some of the challenges of continued 

consolidation.  We conclude by noting that all three of the examined areas (infrastructure, 

stockpile, critical skills) are inherently interdependent, as well as being strongly influenced by 

the overall DOE nuclear weapons budget.  From fiscal years 2004-2010, a downward trend in the 

Weapons Activities budget resulted in a loss of purchasing power of 20 percent for NNSA’s 

Defense Programs
22

; however, the current presidential administration has requested a nearly 10 

percent increase in Weapons Activities funds
23

 to enable the attainment of NNSA’s future goals 

and to implement the requirements of the most recent Nuclear Posture Review
24

. 

 

 

Mathematical Tools for Quantifying the Effects of Weapons Enterprise Policies 

 

There are four main categories of mathematical tools that our team has used to help NNSA 

quantify the effects of future stockpile decisions: simulation tools, optimization tools, economic 

analysis tools, and decision analysis tools.  We cover each of these in turn, and the kinds of 

policy decisions each tool is best suited to help answer. 

 

Simulation Tools 

 

 The goal of simulation tools is to mathematically represent the NNSA complex in a 

manner that captures the overall flow of operations, and then assess the impact of policy 

decisions by seeing how the system behavior changes.  Our team has employed simulation tools 

in a number of different contexts, most notably including stockpile management and evolution of 

critical skills.  

 In terms of stockpile evolution, we have adopted a discrete event simulation approach, 

which offers added flexibility over a previously used systems dynamics approach
25

.  In the 

greater industry, discrete event models have been used in the electronics
26

, automotive
27

, and 
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health care
28

 fields, among others, resulting in savings of up to billions of dollars.  In our models, 

each of the sites in the NNSA enterprise is included, and operations affecting the state of the 

current stockpile (for instance, assembly and disassembly at the Pantex and Y-12 plants) are 

modeled in as great a degree of detail as possible (down to individual lines and parts, and their 

interrelations; see Figure 4).  For micro-level policy decisions (affecting a single plant), we can 

infer the resulting effects on the entire system, and for macro-level policy decisions (affecting 

the entire stockpile at once), we can assess the impacts on each of the individual sites.  

Uncertainty can be readily incorporated in such models, including Monte Carlo analyses over 

different distributions of parameters. 
 

 
 
 

Figure 4.  High-level schematic of our discrete event simulation model.  Overall model structure 

is on the left, and some of the detail in the Savannah River site model is shown on the right. 

 
 For critical skills modeling, our team has applied tools to simulate the career progression 

of employees over time, including the acquisition and refinement of weapons-related expertise.  

We use the conceptual model in Figure 5, which is based on work in previous NNSA studies.
29

   

 

 
 

Figure 5.  Conceptual model of critical skills evolution over the course of an employee’s career. 

 

In our model, transition rates are determined for all entries into and exits from the system, via 

historical hiring data, and data such as time to promotion are used to establish the transitions 
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between levels
30

.  Simulating the system over time reveals trends in the retention and attrition of 

different critical skills, which can help gauge the readiness status of the complex as a whole. 

 

Optimization Tools 

 

 Often times it is desirable not only to predict how the complex might evolve over time, 

but to optimize the behavior of the complex under different scenarios.  Optimization is in many 

ways a complementary approach to simulation (and the two approaches are often used 

together
31

): although simulation tools can typically model a system to a greater degree of detail, 

only mathematical optimization tools can provide solutions that are provably close to the best 

possible.  The appropriate tool for the job depends on the question being asked and the required 

timeframe (optimization is particularly applicable for long-term policy questions; some 

companies will start with one approach and then switch
32

). 

 In a mathematical optimization framework, the parameters of the system in question are 

modeled as mathematical variables, and the behavior of the system is defined via a set of 

constraints over these variables.  The quantities to optimize over are specified in terms of an 

objective function defined on the same variables.  There are a variety of different tools available 

to solve such problems, according to the form of the objective function and constraints (such as 

linear, quadratic, or nonlinear)
33

.  Such optimization approaches have previously been applied in 

the weapons complex, including production and dismantlement planning operations at Pantex
34

 

and prioritizing remediation techniques for hazardous waste cleanup across numerous DOE 

sites.
35

 

 

 

Figure 6.  Definition of a weapon ‘red date’. A common model objective is to minimize the 

number of ‘red’ weapons per year. 
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 Our team has developed a mixed-integer optimization model capable of calculating 

optimized NNSA sustainment and retirement paths to a desired stockpile size and composition, 

incorporating different infrastructure scenarios.  This tool has been used to evaluate Nuclear 

Posture Review scenarios, the current NNSA program of record, and various proposed hybrid 

scenarios.  The most common objective function we use is to minimize the total number of 

weapon red years (see Figure 6), in which a weapon is in the stockpile past its expected lifetime. 

This objective function ensures that the greatest possible fraction of the current stockpile is in 

good working condition and thus less likely to need additional attention or surveillance.  

Mathematically, the model is run in parallel (multi-threaded) on supercomputers, using a NNSA 

lab-developed algebraic modeling language
36

.  
 

Economic Analysis Tools 
 

 One of NNSA’s chief tasks is to implement the recommendations of the Nuclear Posture 

Review within their allocated budget
37

.  This budget includes different allocations for numerous 

stockpile, infrastructure, and science programs and campaigns
38

.  We have developed economic 

models that project the cost trajectories of these programs and campaigns over the coming 

decades.  In this context, stockpile costs include both sustainment and acquisition activities; 

infrastructure costs include sustainment, acquisition, and disposition/cleanup activities; and 

science costs include supporting the careers and development of weapons complex employees.  

Figure 7 shows an overall cost trajectory for NNSA along with an estimate of the uncertainty 

range within two standards of deviation, which was determined via Monte Carlo analysis.  (This 

figure represents an aggregate view and our usual analyses include far more detail on the 

contribution of each of the constituent programs.)  

 

 
 

Figure 7.  Overall cost projection for NNSA, with uncertainty bands for two standard deviations. 
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 In general, one of the biggest challenges in economic analyses is taking the outputs of 

numerous simulation and projection codes and stitching this together into an integral cost model.  

NNSA facility cost modeling alone encompasses numerous codes and has been the subject of 

entire workshops
39

.  Care must be taken to include all relevant costs and also to avoid double-

counting costs.  Although we have limited our discussion to costs incurred by NNSA, 

Department of Defense costs and policies are strongly inter-related
40

 (for instance, Secretary 

Gates has asked for $5 billion to be transferred from DoD to DOE to achieve Nuclear Posture 

Review objectives
41

).  The issue of cost is likely to remain a key policy driver in future complex 

downsizing efforts.  

 
Decision Analysis Tools 

 

 When addressing questions of policy, we often find that qualitative data (in particular, the 

preferences of different decision makers) are at least as important as quantitative data (raw 

numbers).  Formalized in the 1960s
42

, the field of decision analysis provides a rigorous 

framework in which such qualitative preferences can be encoded in a mathematically consistent 

and logically correct manner.  This allows for a direct comparison of the relative value of 

different alternatives according to the stated preferences of decision makers. Such methods have 

been used to assess alternatives for the disposition of weapons-grade plutonium
43

, the 

realignment and closure of army bases
44

, and managing the nuclear waste from power plants
45

, 

among others. 

 We use the techniques of multi-attribute utility theory
46

, a form of decision analysis, to 

help quantify the enterprise consolidation preferences of decision makers.  In such an analysis, 

different criteria of interest are represented as attributes, possibly with corresponding sub-

attributes (see Figure 8 for an example we have used to quantify the relative goodness of 

different weapons in the stockpile).   Each attribute (or sub-attribute) is associated with a value 

function, which can have a variety of forms; the relative values of different attributes are 

evaluated using mathematical trade-offs, which are elicited from decision makers.  Decision-

making alternatives are assessed via computing their scores on each of the value functions, then 
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combined using the elicited trade-off values to calculate a single numerical utility that can be 

compared across different alternatives. 

 

 
 

Figure 8.  Components of a tool for computing the overall utility of each weapon in the stockpile. 
 

   

Conclusion 
 

 In this paper we have observed how mathematical tools have been used to help NNSA in 

making policy decisions relating to weapons complex consolidation, a process that is ongoing.  

Until this point we have not mentioned a crucial part in this process, which is the availability of 

real quantitative data that can be used in such models.  We have been fortunate to work with 

excellent people from around the NNSA complex who have provided us with such data, as well 

as site-specific expertise that is crucial to maintaining the accuracy of our models.  Just as policy 

cannot be made in a vacuum, mathematical models cannot be truly useful without data.  This 

cooperation and trust between sites in the NNSA complex is instrumental to the progress that we 

have made and continue to make in informing policy, and we hope to continue building and 

refining such models together for years to come.
47
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